TATA binding protein (TBP), a universal transcription factor, is broadly required by nuclear RNA polymerases for the initiation of transcription. TBP contains a polymorphic polyglutamine tract in its N-terminal region, and expansion of this tract leads to spinocerebellar ataxia type 17 (SCA17), one of nine dominantly inherited neurodegenerative diseases caused by polyglutamine expansion in the affected proteins. The expanded polyglutamine proteins are ubiquitously expressed, but cause selective and characteristic neurodegeneration in distinct brain regions in each disease. Unlike many other polyglutamine proteins, whose functions are not yet fully understood, TBP is a well-characterized transcription factor that is restricted to the nucleus. Thus, investigating how mutant TBP mediates neuropathology should help elucidate the mechanisms by which transcriptional dysregulation contributes to neuronal dysfunction and/or neurodegeneration in polyglutamine diseases. To this end, we characterized cellular and mouse models expressing polyQ-expanded TBP. The cell model exhibits characteristic features of neuronal dysfunction, including decreased cell viability and defective neurite outgrowth. We found that the high-affinity nerve growth factor receptor, TrkA, is down-regulated by mutant TBP in cells. Down-regulation of TrkA also occurs in the cerebellum of SCA17 transgenic mice prior to Purkinje cell degeneration. Mutant TBP binds more Sp1, reduces its occupancy of the TrkA promoter and inhibits the activity of the TrkA promoter. These findings suggest that the transcriptional down-regulation of TrkA by mutant TBP contributes to SCA17 pathogenesis.
INTRODUCTION
TATA binding protein (TBP) is a universal transcription factor that is essential for the activity of all three nuclear RNA polymerases. TBP is part of multiple complexes, including the general transcription factor complex transcription factor IID (TFIID). TBP confers site-specific DNA binding activity to the TFIID complex that mediates transcriptional initiation at RNA polymerase II-transcribed genes. DNA binding by TFIID is followed by the entry of other general transcription factors and RNA polymerase through either a sequential assembly or a preassembled holoenzyme pathway (1, 2) . Within the TFIID complex, TBP is associated with transcription co-factors, referred to as TBP-associated factors (TAFs), that can influence promoter binding or transcription activity via interactions with upstream-binding activators and other components of the basal transcription machinery (3, 4) . These interactions allow TBP to retain specificity in transcriptional initiation while functioning as a general transcription factor.
An N-terminal expansion in the polyglutamine (polyQ) tract of TBP leads to the autosomal dominant disorder spinocerebellar ataxia type 17 (SCA17). Whereas the range of the normal polyQ tract is 29-42 glutamines, which is encoded by a polymorphic mixed CAG/CAA trinucleotide repeat, mutant TBP contains an expanded polyQ tract (47 -55 glutamines) (5) . SCA17 is characterized by late-onset neurological symptoms (5, 6) that are similar to those of Huntington's disease (HD) and include psychiatric abnormalities, progressive dementia, ataxia and seizures (5, 7, 8) . SCA17 patients typically have marked cerebellar atrophy and Purkinje cell loss, with less pronounced neurodegeneration in other brain regions (5, 7, (8) (9) (10) (11) .
SCA17 is one of nine inherited disorders caused by an expansion of the polyQ tract in the affected proteins. These proteins have no homology other than the polyQ domain and are ubiquitously expressed. Yet despite their widespread expression throughout the brain and body, mutant proteins with expanded polyQ domains cause selective neurodegeneration in distinct brain regions in each polyQ disease (12) . Most polyQ proteins are distributed in both the cytoplasm and nucleus, whereas TBP is predominantly, if not exclusively, localized to the nucleus. Although polyQ proteins have different functions and structures, they induce common pathological changes characterized by the accumulation of mutant polyQ proteins and transcriptional dysregulation (12 -14) . Since the protein context can significantly modulate polyQ toxicity and lead to the selective pathology of each polyQ disease, understanding the normal function of polyQ proteins could help us understand the pathogenesis of polyQ diseases. Indeed, each polyQ disease protein is found to interact abnormally with different proteins to mediate pathological changes (12, 15, 16) . The wellcharacterized function of TBP makes SCA17 an ideal polyQ disease model to study how polyQ expansion alters protein function and induces selective neurodegeneration.
We previously established transgenic SCA17 mice that show pathological and behavioral changes similar to those of other polyQ diseases and recapitulate features of the patient phenotype (17) . Microarray studies, however, showed no global transcriptional changes in these SCA17 mice. This finding suggests that mutant TBP may selectively alter gene transcription important for neuronal function. Here, we show that mutant TBP inhibits neurite outgrowth in cultured PC12 cells and reduces the expression of TrkA, a receptor for nerve growth factor (NGF) that promotes neuronal differentiation and survival. We also found that mutant TBP binds more tightly to the transcription factor Sp1 and reduces the association of Sp1 with the TrkA promoter. These findings suggest that polyQ expansion alters the association of TBP with Sp1 to down-regulate the expression of TrkA, which can contribute to the selective neuropathology of SCA17.
RESULTS

Mutant TBP suppresses neurite outgrowth of PC12 cells
We previously established PC12 cell lines that stably expressed TBP containing 13Q (TBP-13Q) or 105Q (TBP-105Q) (17) . These cells also co-express GFP, allowing for selection of TBP-expressing cells. These cells were stimulated with NGF, which can differentiate PC12 cells and promote their neurite outgrowth. Cells expressing TBP-105Q showed shorter neurite extension than those expressing TBP-13Q after NGF treatment (Fig. 1A) . Quantifying the number of cells with neurites longer than two cell bodies confirmed a defect in neurite outgrowth of TBP-105Q cells compared with TBP-13Q cells (upper panel in Fig. 1B ). To determine whether mutant TBP affects the viability of PC12 cells, we treated the stably transfected PC12 cells with the apoptotic stimulator staurosporine and then measured cell viability via 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. TBP-105Q cells showed a greater decrease in their viability than non-transfected PC12 cells or TBP-13Q transfected cells (lower panel in Fig. 1B) .
To verify that mutant TBP also affects neurite outgrowth of cultured primary neurons, we infected cultured rat brain cortical neurons with an adenoviral vector that co-expresses GFP and TBP-105Q or TBP-13Q. Staining of infected neurons with an antibody to tubulin allowed us to visualize the neurites of neurons expressing exogenous TBP and GFP. We then counted neurons with long neurites and found that neurons expressing TBP-105Q had a substantially lower tendency to display long neurites ( Fig. 1C and D) . Thus, our examination of stably transfected PC12 cells and cultured primary neurons revealed that mutant TBP could inhibit neurite outgrowth, a characteristic feature of neuronal cells.
Mutant TBP decreases the expression of TrkA in cultured cells
Neurite extension of PC12 cells is largely regulated by NGF, which acts on the receptors p75 and TrkA. Hence, we used RT-PCR analysis to determine whether the expression of either p75 or TrkA is altered in PC12 cells expressing mutant TBP. We also analyzed the same cDNA materials for GAPDH transcripts, which served as an internal control. This assay shows that TrkA, but not p75, transcript levels are lower in TBP-105Q PC12 cells than in TBP-13Q cells ( Fig. 2A) , suggesting that polyQ expansion can selectively inhibit the expression of TrkA. Quantification of the ratio of TrkA or p75 to GAPDH transcripts also confirmed a decrease in TrkA, but not p75, transcripts in TBP-105Q cells (Fig. 2B ). Since neurite outgrowth depends more on the activation of TrkA than p75 (18) (19) (20) (21) , the reduced TrkA expression is consistent with the decrease in neurite outgrowth we saw in neuronal cells that express mutant TBP. To examine whether TrkA dysfunction is involved in the defective neurite outgrowth in TBP-105Q cells, we treated these cells with gambogic amide (500 nM), a drug that was recently found to selectively activate TrkA (22) . By counting the percentage of cells with neurites (758-858 cells each group), we found that gambogic amide could increase the number of TBP-105Q cells with neurite outgrowth (1.3% for untreated versus 8.6% for gambogic amide treated cells, Fig. 2C ). As NGF treatment also partially rescued the neuritic defects of TBP-105Q cells and led 16.7% of TBP-105Q cells to develop neurites (also see Fig. 1A ), the partial rescue effects of gambogic amide and NGF are consistent with our previous finding that mutant TBP can also affect the expression of other molecules, such as Hsp27, to promote neuropathology (17) .
On the basis of these results, we focused on the effect of mutant TBP on TrkA. First, we wanted to test whether TrkA is also reduced at the protein level in cells that express mutant TBP. Although NGF treatment did not alter the level of TrkA, we found that TrkA is indeed decreased in TBP-105Q cells compared with non-transfected PC12 cells and TBP-13Q cells (Fig. 3A) . Quantification of the ratio of TrkA to tubulin verified the decreased level of TrkA in TBP-105Q cells (Fig. 3B) . Because NGF/TrkA activation increases the phosphorylation of Erk, which is more important for neuronal differentiation than Akt phosphorylation An important issue to explore is whether the reduction in TrkA levels occurs prior to neurodegeneration in SCA17 mice. We therefore examined young SCA17 mice at the age of 3 weeks. Although the timing of symptom onset in SCA17 mice varies between lines based on polyQ tract length and the level of transgene expression, obvious neurological symptoms generally are not evident before 7 weeks of age in TBP-71Q mice (17) . We saw no degeneration of Purkinje cells in 3-week-old SCA17 mice, as staining of Purkinje cells with an antibody against calbindin, a cellular marker for Purkinje cells, did not reveal any significant morphological difference between wild-type control and SCA17 mouse brains (Fig. 5A) . Further, western blot analysis showed no alteration of calbindin levels in the cerebellar tissues of SCA17 mice at 3 weeks of age (Fig. 5B) . We then performed quantitative RT -PCR, which is more sensitive and quantitative, to detect any changes in transcripts. This assay also revealed lower levels of TrkA in SCA17 mice at 3 and 20 weeks (Fig. 5C ). Further, western blot analysis shows that TrkA is significantly decreased in the cerebellar tissues from two SCA17 mouse lines (71Q-16 and 71Q-27) when compared with expression in TBP-13Q transgenic mice (Fig. 5D) . Thus, these findings demonstrate that TrkA is reduced in the cerebellum of SCA17 mice before the onset of any obvious neurological symptoms or Purkinje cell degeneration.
Mutant TBP inhibits the activity of the TrkA promoter and its association with SP1
Since Sp1 is known to interact with TBP (25, 26) and other polyQ-containing proteins (27 -29) and since the promoter of the TrkA gene contains the Sp1 binding site (30), we examined whether mutant TBP binds differentially to Sp1 to affect TrkA expression. We first examined the distribution of nuclear Sp1 in the cerebellum of SCA17 mice, but did not find co-localization of Sp1 with nuclear TBP inclusions (Fig. 6A ). This suggests that aggregated TBP may not be Human 
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able to interact with Sp1. Previous studies (25, 26) have shown that the Sp1 -TBP interaction can be assessed using an in vitro binding assay. We thus followed the established assay to use GST pulldown to compare the interactions of GST -Sp1 with His-tagged TBPs (TBP-31Q and TBP-71Q). This assay revealed increased binding of Sp1 to soluble TBP-71Q (Fig. 6B) . Quantitative measurement of the ratio of pulldown to input verified that mutant TBP (TBP-71Q) binds more Sp1 in vitro.
Since the promoter of TrkA contains Sp1 binding sites (30), we asked whether mutant TBP could suppress the promoter activity via its abnormal interaction with Sp1. We generated Fig. 6C) . Expression of the reporter in the stable PC12 cell lines confirmed decreased activity of this reporter in mutant PC12 cells that express TBP-105Q (right panel in Fig. 6C ). We then used these cells to perform a chromatin immunoprecipitation (ChIP) assay in which the Sp1 -DNA complex was immunoprecipitated by anti-Sp1. The precipitates were subjected to PCR with primers for the TrkA or PCNA promoter sequences, which also contain the Sp1 binding site. Although there is no significant difference in the association of the PCNA promoter with Sp1 between TBP-13Q and TBP-105Q cells, we observed a decrease in the association of Sp1 with the TrkA promoter (Fig. 6D ). The ratios of PCR products from the precipitates to those from the inputs also demonstrated a specific decrease in the association of Sp1 with the TrkA promoter (Fig. 6D ).
DISCUSSION
Our earlier studies have shown that mutant TBP abnormally binds TFIIB, another component of the basal transcription machinery, and reduces the expression of HSPB1 (or Hsp27), a small heat shock protein that is critical for neuronal survival and axonal integrity (17) . It is also evident that polyQ expansion can alter protein -protein interactions to affect multiple targets or functions in cells. For example, mutant ataxin-1 abnormally interacts with several different proteins to cause neuropathology (31 -34) . Similarly, mutant huntingtin binds abnormally to Sp1, CBP, TAFII130 and other transcription factors to affect different transcriptional functions (16, 35) . On the basis of these previous findings, we chose to search for additional targets in SCA17 that might account for disease phenotypes, such as diminished neurite outgrowth, in order to uncover the molecular basis for the effects of mutant TBP on neuronal function. Through our investigations of cellular and mouse models of SCA17, we were able to detect a decrease in TrkA expression in both. This decrease is specifically associated with the expression of mutant TBP as opposed to transfected or transgenic TBP containing 13Q. Thus, polyQ expansion in mutant TBP results in decreased levels of TrkA. Second, we have provided evidence for the transcriptional dysregulation of TrkA by mutant TBP, as our analysis of transcripts and promoter activity of TrkA consistently shows the inhibitory effects of mutant TBP. In addition, mutant TBP binds more Sp1 and reduces the association of Sp1 with the TrkA promoter. Combined with our earlier finding that mutant TBP does not elicit a global alteration of gene transcription (17) , the current results suggest that the abnormal association of mutant TBP with transcription factors selectively alters the expression of genes that are important for neuronal function or viability, which could contribute to the selective neuropathology seen in SCA17.
The observation of decreased TrkA in mutant TBP-containing PC12 cells may largely explain the defective neurite outgrowth in these cells. It is known that neurite outgrowth of PC12 cells is triggered by NGF via its activation of membrane receptors p75 (low-affinity) and TrkA (highaffinity). Because RT -PCR analysis suggests that TrkA, but not p75, transcripts are reduced in mutant TBP-containing cells, we focused our subsequent analysis on TrkA, which is expressed in various brain regions, including the cerebellum (36 -40) . In addition, TrkA is critical for neuronal survival and viability, and its levels are decreased in Alzheimer's disease (41 -43) . We found that TrkA levels are also decreased in transgenic SCA17 mouse cerebella, and more importantly, this decrease precedes the degeneration of their Purkinje cells, suggesting that the decreased TrkA level contributes to the degeneration of Purkinje cells.
It is well known that TBP binds Sp1 (25, 26, 44) and that Sp1 activates the transcription of many TATA-less genes (45, 46) . Unlike TFIIB, which can be sequestered into nuclear TBP inclusions (17, 47) , Sp1 binds soluble mutant TBP and is not co-localized with nuclear TBP inclusions. Although the interaction of Sp1 with soluble, oligomeric mutant TBP cannot be excluded, the association described here is similar to the increased interaction of soluble mutant huntingtin with Sp1 (27, 28) . Interestingly, HD and SCA17 share similar neurological symptoms and neuropathology (6, 48) . Like mutant htt (49), polyQ-expanded TBP could reduce the association of Sp1 with certain promoters via its increased interaction with Sp1. In support of this idea, we found that mutant TBP decreases Sp1 occupancy at the TrkA promoter, which could account for the reduced TrkA expression. Furthermore, identification of the abnormal interaction of mutant TBP with Sp1 also suggests a potential role for this abnormal interaction in the decreased HSPB1 levels we found in our earlier study, as the human HSPB1 promoter contains conserved Sp1 binding sites (50 -52) .
Several important issues need to be considered regarding the implication of our findings for the pathogenesis of SCA17 and other polyQ diseases. Sp1 is ubiquitously expressed in a variety of mammalian cells and binds the GC boxes in promoter DNA to modulate expression of a large number of genes. An interesting question is why the abnormal interactions of TBP with Sp1 or other transcription factors only selectively change the expression of certain genes, which was revealed by the microarray data in our previous study (17) . TBP is essential for the assembly of transcription factor complexes at different promoters. Soluble TBP containing an expanded polyQ domain is also able to stimulate promoter transcription (47, 53) , though it can abnormally bind other transcription factors. Thus, the effects of mutant TBP on Sp1-mediated transcriptional activity depends largely on the association of TBP with different transcription factors and the regulation by other transcriptional factors or co-factors of the interaction between Sp1 and its GC-rich binding sites (26, 44, 54, 55) . This is partially analogous to the finding that aberrant interaction between mutant huntingtin and Sp1 selectively reduces the expression of certain Sp1-dependent genes (49) 
lacks a TATA box (30) , and the activity of this promoter is also regulated by Sp3 (56) . It is likely that the composition of promoter-bound transcriptional factor complexes, including the availability of different co-factors, plays an important role in the selective effects of mutant TBP on gene expression. Another issue is about the relative contribution of the TrkA deficit to SCA17 pathology. Examination of the postmortem brains of a limited number of SCA17 patients has revealed neurodegeneration in different brain regions, including the cortex, striatum and cerebellum, in which pronounced Purkinje cell loss is evident (5, 7, 11, 57, 58) . In transgenic SCA17 mice, there is also obvious Purkinje cell degeneration (17) . Thus, the cerebellar pathology allows us to investigate the mechanism by which mutant TBP causes neurodegeneration. TrkA is expressed in Purkinje cells and is critical for neuronal function and viability (37 -39) . Unlike other Trk receptors, such as TrkB and TrkC, TrkA is more restricted to certain types of neurons in adult brains (37, 59) . Since the promoters of TrkB and TrkC do not contain consensus Sp1 binding sites (30, 60) , it is possible that the Sp1 binding sites in TrkA contribute to the more selective expression of TrkA in certain types of neurons. Accordingly, the decreased expression of TrkA caused by mutant TBP, with other mutant TBP-mediated effects, could more profoundly affect the viability and function of Purkinje cells in the cerebellum. Another possibility is that mutant TBP and/or a proteolytic fragment accumulates in a cell type-specific manner that also contributes to the selective neuropathology. We have found that protein context influences the interaction of Sp1 with huntingtin (61) . Moreover, we have detected expanded polyQ-containing TBP fragments that lack an intact DNAbinding domain in affected brain regions of SCA17 transgenic mice (47) . Thus, variable accumulation of these putative degradation products of mutant TBP, which may retain the ability to bind Sp1 and other transcription factors but are not capable of facilitating transcriptional initiation, could contribute to selective neuropathology.
The findings in our study also support the idea that the altered protein function caused by polyQ expansion can lead to neuropathology in polyQ diseases (34) . Since the function of TBP has been well characterized, further exploration of the effects of polyQ expansion on the function of TBP will give us valuable information about the selective neurodegeneration in polyQ diseases.
MATERIALS AND METHODS
Plasmids and reagents
SCA17 mice were generated in our previous study (17) and maintained in the animal facility at Emory University under specific pathogen-free conditions in accordance with institutional guidelines of The Animal Care and Use Committee at Emory University. Mouse and human TBP cDNA constructs and plasmids were described in our previous studies (17, 47) . Stably transfected TBP PC12 cell lines were generated by transfecting the Tet-Off stable cell line (Clontech) with PBI-EGFP-TBP constructs (TBP-105Q and TBP-13Q) using Lipofectamine 2000 (17) . TBP-13Q or -105Q and EGFP were independently expressed from a bidirectional CMV promoter in these PC12 cells. Constructs encoding Sp1-HA (27) , GST-Sp1 (27) and His-TBPs (47) were described previously. Antibodies against TBP included N-12 (Santa Cruz) and 1TBP18 (QED). Other antibodies used for these studies were those against tubulin (Sigma), phospho-Erk and phospho-Akt (Cell Signaling), Sp1 (Upstate Biotechnologies), calbindin (Chemicon), TrkA (Upstate Biotechnologies) and 12CA5 (Roche). Adenovirus expressing GFP and TBP-13Q or -105Q was made by Welgen (Worcester, MA, USA).
Immunofluorescence staining, cell culture and cell viability assays
The cerebellum of 71Q-TBP (line-16 and line-27) transgenic and littermate control mice were rapidly isolated and sectioned (10 mm) with a cryostat at 2208C. The brain sections were placed on gelatin-precoated, precleaned glass slides. Sections were fixed in 4% paraformaldehyde in PBS for 15 min, permeabilized with 0.4% Triton X-100 in PBS for 30 min, blocked with 5% normal goat serum in PBS for 1 h, and incubated with primary antibodies in 2% NGS and PBS overnight at 48C in a moisture chamber. Hoechst was used to label the nuclei. Fluorescent images were acquired on a Zeiss microscope (Axiovert 200 MOT; Carl Zeiss Imaging) equipped with a digital camera (Hamamatsu Orca-100) and OpenLAB software (Improvision Inc.). We used Â10, Â40 and Â63 objectives for image acquisition.
Cerebellar granule cell culture was performed using the method described previously (17) . Wild-type Tet-Off and stably transfected PC12 cell lines expressing either TBP-13Q or TBP-105Q were plated into 12-well plates at 40% confluency. Cells were treated with 100 ng/ml NGF for 48 h at 378C in serum-free media then subjected to immunofluorescent staining with an antibody against alpha-tubulin (1:5000, Sigma) for neurite staining and Hoechst for visualizing nuclei. PC12 cells were also treated with 500 nM gambogic amide for 5 days to examine their neurites (22) . Fluorescent images were captured with a Zeiss microscope (Axiovert 200 MOT; Carl Zeiss Imaging) and stored in a computer. Quantitative results of the neurite outgrowth were obtained by counting the percentage of cells that extended neurites twice the length of the cell body. Cortical neurons were dissected from embryonic day 18 rats and plated on poly-D-lysine-coated plastic culture plates (Corning Costar) in B27-supplemented medium (Invitrogen). At DIV2, neurons were infected with either adenoviral vectors expressing GFP -TBP-13Q or GFP-TBP-105Q (Welgen, Inc.). After 24 h, neurites were assessed as described above.
Cell viability was determined by a modified MTT assay (Cell Titer 96; Promega) as described previously (27) . Wildtype and stably transfected PC12 cells expressing either TBP-13Q or -105Q in serum-free medium were treated with staurosporine at the final concentration of 50 nM for 5 h. A ratio of untreated and staurosporine-treated cells was used to determine cell viability.
Gene expression and western blot analyses
Total RNAs were purified from PC12 cells or mouse brains. The RNAs were reverse transcribed and used for RT -PCR. For western blotting analysis, brain tissue samples and cultured cells were harvested and homogenized in immunoprecipitation (IP) assay buffer (50 mM Tris-HCl, pH 8.0, 150 mM NaCl, 1 mM EDTA, pH 8.0, 1 mM EGTA, pH 8.0, 0.1% SDS, 0.5% sodium deoxycholate and 1% Triton X-100, with protease inhibitors (Sigma) and sonicated for 10 s. After 30 min incubation on a rotating apparatus at 48C, the samples were clarified at 734Âg (change to g) for 5 min. Two hundred micrograms of the brain supernatant and 50 mg of cell supernatant were used for western blotting. Protein samples were resolved on 4 -20% Tris-glycine polyacrylamide gels (Invitrogen). Immunoreactive bands were visualized by an enhanced Chemiluminescence Kit (ECL plus, GE Healthcare, Amersham).
Transcription reporter assay
The human TrkA promoter was cloned from genomic DNA using the primers sense 5 0 -ATCAAAGCTTCACCTCC GAGGCGTTC-3 0 and antisense 5 0 -GAATTCTCTGTGCGCT CCCAGCTGC-3 0 and inserted into the DsRed 2.1 vector (Clontech) using HindIII and EcoR1 restriction sites. HEK293T cells were co-transfected with the reporter vector, Sp1, TBP-31Q, TBP-105Q or a mock vector in 12-well plates using Lipofectamine (Invitrogen). The cells were harvested in 500 ml of cold 1Â PBS after 48 h transfection, and 50 ml of resuspended cells was combined with 50 ml of 1Â PBS in a 96-well black bottom plate. Samples from each co-transfection were plated in duplicate, and red fluorescence was detected with a FLUOstar Galaxy microplate reader (BMG LABTECH, Offenburg, Germany). For experiments using the stably transfected PC12 cell lines expressing TBP-13Q or -105Q, the reporter or empty vector was transfected. Transfections were done in duplicate in 12-well plates using Lipofectamine 2000. Fluorescence images were visualized on the Zeiss microscope (Axiovert 200 MOT; Carl Zeiss Imaging), and fluorescence levels were quantitated using OpenLAB Software (Improvision Inc.).
Chromatin immunoprecipitation
ChIP assays with semi-quantitative PCR were performed as described previously (17) . TBP-13Q and -105Q PC12 cells were transfected with Sp1-HA and collected 48 h after transfection. For each IP, 850 mg of precleared whole cell lysate and 5 mg of anti-Sp1 (Millipore, Upstate Biotechnologies) or no antibody were used. Semi-quantitative PCR, using PCNA and TrkA primers in separate reactions, was performed on DNA recovered from IP samples and inputs (10% pre-cleared lysate). PCR without template DNA served as negative controls. Promoter sequences were acquired using the UCSC genome browser to include Sp1 binding sites. The size of the amplicons for PCNA and TrkA were 282 and 183 bp, respectively. Primer sequences and PCR cycling parameters were as follows: rat PCNA: sense 5 0 -TGGCTTTCATTTC CGTGGC-3 0 and antisense 5 0 -AGTCACCTGCGCCCGCA AC-3, rat TrkA: sense 5 0 -ACATGTGAAGCAATCTGTGG CAG-3 0 and antisense 5 0 -CGGGGCGGTGTTAAAGACTA GCC-3 0 . PCR conditions were as follows: 968 for 3 min, 968 for 45 s, 638 for 45 s and 728 for 1 min with 35-45 cycles. PCR products were electrophoresed on a 1.8% agarose gel. Densitometry was used to measure PCR product signals from the precipitates after subtracting the background signals from the precipitates in the absence of anti-Sp1 antibody. The ratios of the precipitated PCR products to input were then calculated.
Statistical analysis
All values are expressed as mean + SE. We assessed statistical significance using Student's t-test and used ANOVA when multiple samples were compared. A P-value of less than 0.05 is considered to be significant.
